Mechanical and physical properties of ZnSe windows to be used with the FEAN ICS (Flow 
Enclosure Accommodating Novel Investigations in Combustion of Solids) experiments were 
measured in order to determine design allowables. In addition, the literature on crack growth 
properties was summarized. The average Young’s modulus, Poisson’s ratio, equibiaxial fracture 
strength, flaw size, grain size, Knoop hardness, Vicker’s hardness, and branching constant were 
74.3 ± 0.1 GPa, 0.31 , 57.8 + 6.5 MPa, 21+4 mm, 43 ± 9 urn, 0.97 ± 0.02 GPa, 0.97 ± 0.02 GPa, 
and 1 .0 ± 0.1 MPam A 0.5, respectively. The properties of current ZnSe made by chemical vapor 
deposition are in good agreement with those measured in the 1970’s. The hardness of CVD ZnSe 
windows is about one twentieth of the sapphire window being replaced, and about one-sixth of 
that of window glass. Thus the ZnSe window must be handled with great care. The large grain 
size relative to the inherent crack size implies the need to use single crystal crack growth 
properties in the design process. In order to determine the local failure stresses in one of the test 
specimens, a solution for the stresses between the support ring and the edge of a circular plate 
load between concentric rings was derived. 
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FEANICS 

Flow Enclosure Accommodating Novel 
Investigations in Combustion of Solids 
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CVD ZnSe Literature 



G.A. Graves, D.E. McCullum, and J.M. Wimmer, “Investigation of the Thermal, Electrical, Mechanical, and Physical 
Properties of Infrared Laser Window and IT Transmitting Materials,” AFML-TR-77-23, UDRI-TR-77-06, April 1977. 

D.J. Iden, J.A. Detrio, J. Fox, “Optical Window Mechanical Strength and Reliability,’ University of Dayton Research Institute, 
Ohio, Technical Report No. UDR-TR-83-73, June 1983. 




Rohm & Haas (This work) 

Raytheon [10] 

Coors, Gould, & Raytheon Materials [11] 


Grain Size, um (inverse root scale) 
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Microstructure of CVD ZnSe 
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42±2 um perpendicular and 47±3 um parallel (95% 
confidence). Grains as large as 150 um are apparent. 




Window Strength 

(Ring-on-Ring Loading) 
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Strength of CVD ZnSe 
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vveiDuii scaling not apparent (study nee 
Need similitude of flaw population. 




Weibull Distributions 

(Ball-on-3 Ball Loading) 
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□ Weibull modulus of ~5, nominal strength of >50 MPa, but 
strength depends on environment - SCG. 


Weibull Distributions 

(Ring-on-Ring Loading) 
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□ Weibull modulus of ~9, nominal strength of ~60 MPa. 
Agrees with AFML data (139 test, m = 9.2, <x= 54 MPa). 


Fracture Toughness Methods 
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Fracture Toughness 
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R-curve Behavior 
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larger than small crack or single crystal values. 
Grain sampling vs. gain bridging =>R-curve.... 




Slow Crack Growth 

(v = AK, n ) 
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□ Macro crack stress intensities are substantially larger 
than those expected for failures from small cracks - 
Need similitude between the test data and comoonen 



Slow Crack Growth 

(Constant stress rate or dynamic fatigue, water) 
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□ 18 data points; poor regression coefficient 
and large standard deviations. 




Slow Crack Growth 

(Constant stress or static fatigue, air) 



□ 29 data points; better regression coefficient 
and standard deviation; five run outs. 



Slow Crack Growth 

(DT and DCB in air) 
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□ No mathematical explanation of the shift or the 
assumptions used. 




Estimation of Small Crack 
Parameters from Macro Crack Data 



More grains encountered 

□ Need observation of actual, small crack growth rates. 



Estimation of Small Crack 
Parameters from Macro Crack Data 
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Slow Crack Growth 

(DT, DCB, constant stress in air) 
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shifted macro crack curves. 




Slow Crack Growth 

(DT and DCB in water) 
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□ Consistent DT data, scattered DCB data. 




Slow Crack Growth 

(DT and DCB, water) 
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intensity values - crack pinned - truncate. 
□ Nonlinear fits give smaller parameters. 




Slow Crack Growth 

(DT, DCB, Constant Stress Rate in Water) 
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when a maco fracture toughness is used. 

□ Shifted macro crack curve and small crack curve agree. 




Slow Crack Growth 

(Parameter Summary) 



Likely values are n = 40, A Pol = 1000, A single = 10 20 




Crack Branching Constant 
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□ Branching constant A b =1 ±0.1 MPaVm, residual 
stress = 9 MPa. 
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